The oil composition of Stachys glutinosa L. from two different areas of Sardinia was analyzed by GC/MS. The oil from Gallura plants was characterized by the four main constituents: terpinen-4-ol (12.7%), α-terpinyl acetate (10.6%), trans-cadina-1(6),4diene (8.5%), and α-terpineol (8.4%) whilst α-cedrene (19.2%), α-terpineol (18.5%), terpinen-4-ol (12.6%), and α-terpinyl acetate (8.6%) were the main compounds in the oil from Ulassai plants. The oils showed good bacteriostatic activities against Vibrio cholerae (MIC 0.6%), all the Candida tested (1.25%) and Rodotorula rubra (2.5%). There were also bactericidal activities against Candida glabrata (1.25 %) and Rodotorula rubra (2.5%).
Stachys glutinosa L. is a fruticose dwarf shrub, widespread in Sardinia, Corsica and the Capraia Islands [1] , and is very common on different substrata from sea level to the mountains. The plant is covered by weak thorny stems that emanate an unpleasant smell [2] . The plant is used for medicinal purposes (mostly as an antispasmodic and antiseptic) in folk medicine [3] . A few studies refer to the composition of the essential oil of S. glutinosa from Corsica [4, 5] and one about the principal compounds of essential oils from Sardinian plants [6] .
The aim of this research was to determine the composition of the essential oil of wild S. glutinosa in different pedological soils and on the antimicrobial activities of the oils against soil-borne pathogens, mycotoxic species, phytopathogens and opportunistic human pathogens. Table 1 shows the composition of the essential oils obtained from S. glutinosa L. plants harvested in the Gallura and Ulassai areas. Compounds are listed in order of their elution from an HP-5 column. In the oil from the Gallura plants, fifty-nine compounds were identified representing 95.7% of the oil, while in the oil from the Ulassai plants forty-seven compounds were identified representing 97.1% of the oil.
The oil from the Gallura plants was characterized by the four main constituents: terpinen-4-ol (12.7%), α-terpinyl acetate (10.6%), trans-cadina-1(6), 4-diene (8.5%), and α-terpineol (8.4%). α-Cedrene (19.2%), α-terpineol (18.5%), terpinen-4-ol (12.6%), and α-terpinyl acetate (8.6%) were the main compounds in the oil from the Ulassai plants. If we consider the principal components, α-cedrene distinguishes the Ulassai oil from the Gallura oil. Epi-α-bisabolol, on the contrary, distinguishes the Gallura oil from the Ulassai oil, with 5.7% in the former and none detected in the latter. Other minor components present only in Gallura oil were (Z)-caryophyllene (2.9%), bicyclogermacrene (2.9%), elemol (1.8%), γ-eudesmol (1.1%), and δ-elemene (1%), whereas, caryophyllene oxide (6.8%), trans-sabinene hydrate (1.2%) and transsabinyl acetate (1.1%), were the minor compounds present only in the Ulassai oil. Previous studies on S. glutinosa harvested in Corsica and Sardinia have proposed the three chemiotypes A, B and C, characterized by the presence of α-terpineol-transcaryophyllene, β-phellandrene, and terpinen-4-ol [5] . According to these proposed division, both the oils might belong to chemiotype C. Table 2 . The oil of S. glutinosa exhibited good bacteriostatic effects against yeast clinical strains, particularly Candida glabrata, with the same value of MIC and MBC (1.25%) (Rodotorula rubra (MIC and MBC = 2.5%) and against V. cholerae 01 (MIC = 0.6%). The oils exhibited moderate bacteriostatic and bactericidal activities in general, but had a good bacteriostatic activities against Vibrio cholerae (0.6%). Other interesting bacteriostatic activities were against all the Candida tested (1.25%) and Rodotorula rubra (1.25%). Bactericidal activities at the tested concentration were against Candida glabrata (1.25%) and Rodotorula rubra (1.25%). Significantly, all the clinical and environmental strains to have multi-drug resistance, for example: A. hydrophila to ampicillin (192 µg/mL), ceftazidime (125 µg/mL), and gentamicin (125 µg/mL), S. epidermidis to ampicillin/sulbactam (64 µg/mL), norfloxacin (125 µg/mL), and gentamicin (125 µg/mL); V. cholerae to ampicillin (256 µg/mL), ceftazidime (125 µg/mL), cefotaxime (256 µg/mL), doxycyclin (32 µg/mL), and amoxycillin-clavulanate (256 µg/mL). All the bacteria are susceptible to streptomycine (range 0.010 -0.06 mg/mL) and the yeasts are susceptible to bifonazole (0.02 -0.05 mg/mL). Other studies [7] of the antimicrobial activity of Stachys essential oil was of different species and subspecies. Isolation of the Essential Oil: Fresh plant material was subjected to hydrodistillation using a Clevengertype apparatus for 2 h yielding 0.25% of yellowish oil. The oil was dried over anhydrous sodium sulfate and stored in sealed vials under refrigeration prior to analysis.
Gas Chromatography:
The GC analyses were carried out using a Hewlett Packard 5890 Series II dual FID instrument equipped with HP-WAX and HP-5 capillary columns (30 m x 0.25 mm, 0.25 µm film thickness), working with the following temperature programmed: 10 min at 60°C, and subsequently at 5°C/min up to 220°C; injector and detector temperatures, 250°C; carrier gas, helium (1 mL/min); split ratio, 1 : 20.
Gas Chromatography-Mass Spectrometry:
GC-MS analyses were carried out using a Hewlett Packard 6890-5973 GC-MS system operating in the EI mode at 70 eV, using two different columns, a HP Innowax (30 m x 0.25 mm, film thickness 0.50 μm) capillary column and a DB-5 (30 m x 0.25 mm, film thickness 0.25 μm) capillary column. The temperature programmed for HP Innowax was 60-260°C at a rate of 3°C/min, held for 10 min, and for the HP 5 it was 60-300°C at a rate of 3°C/min. Injector and transfer line temperatures were 220°C and 280°C, respectively. Helium was used as the carrier gas, flow rate 1 mL/min. Split ratio, 1 : 10.
Identification of the Components:
The identification of the components was made for both the columns, by comparison of their retention time with respect to n-paraffin (C6-C22) internal standards. The mass spectra and retention indices (RI) were compared with those of commercial (NIST 98 and WILEY) and home-made library mass spectra built up from pure compounds and MS literature data [8, 9, 10, 11, 12, 13] .
Area percentages were obtained electronically from the GC-FID response without the use of an internal standard or correction factors.
Microorganisms:
A total of 17 strains of bacteria and yeast were investigated, ten were isolated from patients, three from environmental sources and four ATCC (American Type Culture Collection) strains were used as quality control strains. The isolates were identified to the species level by standard procedures, and some clinical and environmental ones were tested for virulence phenotype. Antimicrobial susceptibility to 14 different antibiotics (ampicillin, amoxycillin clavulanate, amikacin, piperacillin, cefotaxime, ceftazidime, ceftriaxone, ciprofloxacin, ofloxacin, gentamicin, doxycycline, imipenem, meropenem, trimethoprim-sulphamethoxazole) was determined by the Kirby Bauer method, according to the general qualitative assay described by Barry (1986) [14] . Protease activity was tested on Nutrient agar containing 1.5% skim milk, production of protease was shown by the formation of a clear zone caused by casein degradation; hemolysis test was assayed by culturing each strain on agar plates containing rabbit erythrocytes 5%; Hep-2 cells (human laryngeal carcinoma) were used for the adhesion assay. 
